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The process of the present invention is

a sulfide or sulfur bio-oxidization process (14)
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METHOD OF ACID CONCENTRATION FOLLOWINGBIOLOGICAL
OXIDATIVE GENERATION OF SULFURIC ACID FROM SULFIDES

5 FIELD OF THE INVENTION

The process of the present invention is directed generally to sulfuric acid

production processes and specifically to a sulfuric acid production process recovering the

acid using filtration techniques.

10 BACKGROUND

The sulfuric acid consumptiveheap leach-solvent extraction-electrowin (SX-EW)

copper cathode production process, one of the fastest growing sectors of the global

mining industry, displaces a proportionate amount ofmineral concentrate smelting for the

recovery ofcopper. Smelting has historically produced a large percentage ofthe sulfuric

15 acid used in the mining industry. The resultant reduced level of smelting leads to a

reduced supply of smelter by-product sulfuric acid.

Coincidental with the increase in the use ofthe sulfuric acid consumptive SX-EW

and reduction of by-product sulfuric acid, there has been an increase in the number of

sulfuric acid by-productive biohydrometallurgical technologies available to mines. This

20 biohydrometallurgically produced acid is a logical candidate to replace the acid no longer

produced by the smelters.

The acid produced by biohydrometallurgical processing, however, is often unfit

for use by mines. The acid is typically metals loaded, i.e., contaminated with dissolved

and dissociated zinc, iron, copper, and arsenic, among other things, in accordance with

25 the metals content ofthe feedstock and nutrient and additives used to promote the bio-

oxidation of the feedstock. These metals in combination with the increased acidity

accruing to the progression of the biohydrometallurgical process, will accumulate over

time and reuse unit they constitute a fouled, or toxic (for the bacteria), solution that

cannot be reused in the source bioprocess. As a result, metallurgical processes must

30 discard the fouled sulfuric acid solutions and use fresh sulfuric acid purchased from a

supplier at high cost. The fresh sulfuric acid represents a significant operating cost for

mines, particularly for mines in remote locations.
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SUMMARY OF THE INVENTION

The various embodiments ofthe present invention address these and other needs

as is apparent from the following disclosure.

The process of the present invention manufactures sulfuric acid through bio-

5 oxidation techniques. The process uses one or more filtration processes to remove

dissolved impurities, such as dissolved and dissociated metals, chlorides, nitrates, and the

like, from the raw sulfuric acid-containing product ofthe process.

In one embodiment, the process includes the steps of:

(a) contacting a sulfide-containing feed material with bacteria and oxygen to

10 produce sulfuric acid in the form of an acid-containing solution; and

(b) filtering at least a portion ofthe acid-containing solution to form a retentate

and a permeate, the retentate containing at least most (typically at least about 90%) ofthe

multivalent metal impurities and some sulfuric acid (typically no more than about 25%)and

the permeate containing at least most (typically at least about 75%) of the sulfuric acid.

15 The impurities can be multivalent, dissociated ions, such as copper, iron, zinc,

nickel, manganese, and other metals from Group IIA of the Periodic Table of the

Elements. In one configuration, the pore size and electric charge ofthe filter is selected

to retain at least most of the multivalent metals in the retentate and pass at least most

(typically at least about 65%) of the monovalent compounds, such as sulfuric acid.

20 Alternatively, the impurities can also be both multivalent and monovalent.

Examples of monovalent impurities include nitrates, and chlorides, which are typically

compounded with monovalent metals from Groups IA and HA of the Periodic Table of

the Elements. In one configuration, the filter is selected to pass at least most (typically

at least about 65%) ofthe monovalent impurities while retaining at least most (typically

25 at least about 65%) of the sulfuric acid.

The process can include additional filtration steps. By way of example, the

permeate can be filtered to produce a second retentate and second permeate. In one

configuration, at least most ofany remaining metals and at least most ofthe sulfuric acid

in the permeate are contained in the second retentate. The sulfuric acid concentration in

30 the second retentate is more than the sulfuric acid concentration in the second permeate.

The second permeate can be recycled to step (a) for use in producing more sulfuric acid.
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The process promotes rapid bio-oxidation rates by maintaining the acid concentration in

the second permeate at low levels through the removal of excess acid in the second

filtering step, thereby promoting bacterial production ofmore sulfuric acid. The process

also permits sulfuric acid produced on site in biohydrometallurgica) mining processes to

5 be reused in bio-oxidation at a considerable cost savings to the mine operator and/or sold

at a substantial profit as a byproduct.

The bio-oxidation reaction in step (a) can be performed in a suitable reactor or in

a heap or pile ofthe sulfide-containing material. Examples of suitable reactors are trickle

bed reactors, continuous stirred or air sparged, agitated reactors, and open air piles.

10 Most ofthe acid in the acid-containing solution preferably reports to the permeate

and later to the second retentate. The acid-containing solution typically has an acid

content ranging from about 5 to about 50 g/1. The acid concentration in the retentate is

typically the same as the acid concentration in the permeate because the acid readily passes

through the first filter. Because the permeate represents a larger volume than the

15 retentate, the permeate typically contains more of the acid in the solution than the

retentate. The second retentate preferably includes at least about 50 and more preferably

from about 75 to about 97% ofthe acid in the acid-containing solution while the second

permeate preferably has no more than about 50% and more preferably from about 10 to

about 15% ofthe acid in the acid-containing solution. The second retentate typically has

20 an acid concentration of at least about 100 g/1 acid. The second permeate typically has

an acid concentration of no more than about 5 g/1 acid and more typically ranging from

about 0.1 to about 2 g/1 acid.

In one configuration, the first filter preferably has a larger pore size than the

second filter such that the sulfuric acid (but not multivalent metal impurities) passes

25 through the first filter. The sulfuric acid and any remaining impurities are retained by the

second filter.

In another configuration, the first and second filters are preferably a nanofilter

membrane, a reverse osmosis membrane, and combinations thereof. The first filter

preferably has a pore size ranging from about 20 to about 100 angstroms. The second

30 filter preferably has a pore size ranging from about 1 to about 20 angstroms.
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In the first filtering step, the permeate preferably constitutes at least most of the

volume ofthe acid-containing solution. The permeate preferably constitutes at least about

50 and more preferably from about 80 to about 90% by volume of the acid-containing

solution while the retentate preferably constitutes from about 20 to about 10% by volume

5 of the solution.

In the second filtering step, the second permeate preferably also constitutes at least

most of the volume of the acid-containing solution. The second permeate preferably

constitutes at least about 50 and more preferably from about 80 to about 90% by volume

of the acid-containing solution while the second retentate preferably constitutes from

10 about 20 to about 40% by volume of the solution.

The process can include additional steps to remove dissolved multivalent metal

impurities such as arsenic, copper, iron, nickel, calcium, magnesium, manganese and

other di- and tri- valent metal ions, or metal ion complexes from the first and/or second

retentate. The metal can be recovered by precipitation, electrolysis, ion exchange resins,

15 cementation, and solvent extraction.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow schematic depicting a first embodiment ofthe process; and

Figure 2 is a flow schematic depicting a second embodiment ofthe process.

20

DETAILED DESCRIPTION

A first embodiment of a process according to the present invention is directed to

the bio-oxidation of a sulfide-containing material to form sulfuric acid, and more

particularly to enhanced production ofsulfuric acid using an acid-resistant, nanofiltration

25 membrane to remove multivalent impurities and an acid-resistant, reverse osmosis

membrane process to concentrate sulfuric acid for sale in a second retentate, while

permeating a lean acid solution for return to the bacterial sulfuric acid production step.

The acid rich or concentrated acid product is a dilute (10-50 g HjSO^) sulfuric acid

produced by bio-oxidation ofthe sulfur component ofthe sulfidic material. This process

30 improves the value of the product from the bacterial sulfuric acid production step, and
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may enhance the production process by continually removing a portion of the sulfuric

acid, thus accelerating or assisting the further bacterial production of sulfuric acid.

Referring to Figure 1, a sulfide-containing material or sulfide-coated substrate 10

are placed in a vat or column reactor 14 (or pile), inoculated with bacteria and bacteria

5 nutrients 18. The bacteria canbe any suitable bacteria, such as Thiobacillus bacteria (e.g.,

ThiobacillusFerroxidants, Thiobacillus Thiooxidan, etc.\LeptospirillumFerrooxidcmst

Sulfobacillus Thermosulfidooxidans, bacteria, and/orAcidianus, The nutrients

are typically ammonium sulfate (e.g., from about 0.1 to about 0.5 gpl), phosphate (e.g.,

about 40 ppm), and iron (e.g., from about 0.4 to about 30 gpl of Fe+3
), carbon and

10 oxygen. The material 10 is sprayed with or immersed and/or stirred in dilute (e.g., about

1-2 g H2S04/L) acid 26 and sparged with air. After a period of time, the sulfuric acid

concentration ofthe solution grows to the range ofabout 20-40 gH2S04/L due to the bio-

oxidation process. This product solution 30 is then passed through acid-resistant

membrane systems 32 and 34 to produce an acid concentrate stream 38, i.e. membrane

15 concentrate, of about 50-120 g HzSC^/L, and an acid lean stream 42, i.e. membrane

permeate, ofabout 0.5-1 g BjSCyL. The membrane concentrate 3 8 is collected in a tank

for sale as product; the membrane permeate 42 is returned to the reactor or pile for further

bio-oxidation acid production. The membrane process provides a way to upgrade the

dilute acid to provide a superior saleable acid product.

20 As will be appreciated, the membrane systems 32 and 34 can each be configured

as a single membrane or multiple membranes. The multiple membranes can treat the feed

stream serially and/or in parallel.

Bio-oxidation of sulfides for production ofsulfuric acid is accomplished by using

a suitable bacteria. Air, oxygen and trace nutrients can continually or intermittently be

25 added to the recycled solution to speed the kinetics of this bio-oxidation process. As

noted, the commercial process would involve placing a sulfide-containing material or

sulfide coated substrates, in a vat, column, tank, or freestanding pile or heap. The sulfide

is then inoculated with bacteria, nutrients, and air, and sprayed with or immersed in dilute

(1 -2 g H2S04/L) acid. The solution is recirculated and oxygen or air may be blown,

30 diffused or bubbled into the solution, and, after a period of time (typically 1-4 weeks),

sulfuric acid concentration ofthe solution grows to the range ofabout 20-40 gH2S04/L.
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The sulfur component of the sulfide-containing material is slowly consumed during the

acid generation process.

As the bacteria oxidation process can generate significant heat, particularly in a

column reactor, a heat exchanger 50 may be needed to remove this heat. A typical shell

5 and tube heat exchanger would be sufficient with heat being transferred from the

regulating acid situation to process water or make-up water.

The bio-oxidation rate of acid production is affected by the concentration ofacid

in the column, tank, or heap, and the air or oxygen availability, nutrient availability,

temperature, and contaminant metal concentrations (ifany). These variablesmay conspire

10 to optimize bio-oxidation production of sulfuric acid at a sulfuric acid concentration of

about 20-40 g H2S04/L. This acid concentration, approximately 2-4%, is fairly dilute,

and thus limits the uses for this inexpensively produced acid product. For example, dilute

acid such as this may add substantial water to the process, which often creates water

balance problems. Also, many processes, such as electrowinning tankhouses, require

15 more concentrated acid addition, in the 100-200 g H2S04/L (10-20 wt% range).

Another limitation or adverse effect on production and final product value is the

presence ofsmall or significant quantities ofheavy metals or other ion impurities. Sulfuric

acid is priced according to grade, with "technical grade" containing certain impurities and

selling for less than "food grade", which contains less impurities. Also, certain impurities,

20 such as arsenic, may be toxic or inhibitory to the sulfuric acid producing bacteria, and

slow or stop the bio-oxidation process, resulting in a corresponding drop in rate of acid

production.

The process ofthe present invention improves the bio-oxidation process by using

the membrane system 34 to remove and concentrate acid, while maintaining the rate of

25 biooxidation at its peak. This provides a wider ranging market and more saleable sulfuric

acid product. Accordingly, the invention represents an advance in the art ofbio-oxidation

of sulfides to sulfuric acid, as described in detail herein.

The process improvements claimed in the present invention will result from

utilizing an acid-resistant reverse osmosis membrane system 34 and acid-resistant

30 nanofiltration membrane system 50 to purify and concentrate the dilute sulfuric acid

product from bio-oxidation of sulfides. As described above, the use of a membrane
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process to remove and concentrate acid allows the bio-oxidation reactor to be run at

maximum rate of acid production.

In the improved process shown in Figure 1, the dilute sulfuric acid product is

passed through the reverse osmosis membrane system 34, after first passing through a

5 nanofiltration membrane system32 (to remove dissolved and dissociated multivalent metal

impurities). The dilute acid solution is first sent to the acid-resistant nanofiltration

membrane 50 which separates the solution into two streams-permeate 54 and concentrate

58. During this step, the osmotic pressure preferably ranges from about 150 to about

1,000 psi. The permeate 54 is greatly reduced in multivalent impurity concentration,

1 0 containing a minority ofthe impurities. Acid concentration is approximately the same in

the permeate and the concentrate, only divalent and trivalent ion impurities such as iron

and copper are rejected and concentrated in the membrane concentrate. The impurity

clean permeate 54 is sent to the reverse osmosis membrane 34 for concentration. The

reverse osmosis membrane separates the acid into two streams: permeate 42 and

1 5 concentrate or retentate 38. During this step, the osmotic pressure preferably ranges from

about 150 to about 1,000 psi. The permeate 42 is greatly reduced in acid concentration,

and is returned to the bio-oxidation reactor. The concentrate 38 is greatly increased in

acid concentration, and it is collected for sale.

The concentrate 58 is greatly increased in impurity concentration, containing a

20 majority of the impurities. The concentrate 58 may be removed from the sulfuric acid

processing system and the metals recovered and/or disposed ofthrough neutralization and

precipitation.

The reverse osmosis membrane system 34 ofthe first embodiment would process

10 -10,000 gallons per minute of dilute sulfuric acid solution, with 65-95% of the feed

25 flow becoming permeate product. Typical reverse osmosis membranes used would be S

or A series elements from Osmonics/Desalination Systems of Vista, CA. For example,

SC, SE, SG, AD, AG, AK membrane elements are appropriate. A typical system would

process 1000 gpm of 20 g H2S04/L sulfuric acid solution through 600 each 8 inch

diameter, 40 inches long spiral wound SE membrane elements, at 600-800 psi and 30-40

30 deg C. The system would split the feed flow into 800 gpm ofpermeate containing about

0.5 g H2S04/L, and 200 gpm of concentrate containing about 98 g H2S04/L. The
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concentrate would be collected and sold as a high grade sulfuric acid product. The

permeate would be returned to the bio-oxidation reactor 14.

The nanofiltration membrane system 32 ofthe first embodiment would process 1 0-

10,000 gallons per minute of dilute sulfuric acid solution, with 50-95% ofthe feed flow

5 becoming permeate product. The typical nanofiltration membrane used would be D or G

series elements from Osmonics/Desalination Systems ofVista, CA. For example, DK, DL,

GE, GH membrane elements are appropriate. A typical system would process 1000 gpm

of 20 g H2S04/L sulfuric acid solution, containing 1 g iron/L, through 500 each 8 inch

diameter, 40 inches long spiral woundDK membrane elements, at 200-400 psi and 30-40

10 deg C. The system would split the feed flow into 800 gpm ofpermeate containing about

20 g H2S04/L and 0.01 g iron/L, and 200 gpm of concentrate containing about 20 g

H2S04/L and 5 g iron/L. The concentrate 58 would be sent to a precipitation system or

ion exchange system for iron removal. As above, the permeate 54 would be sent to the

reverse osmosis membrane system for acid concentration.

15 A second embodiment ofthe present invention is depicted in Figure 2. Referring

to Figure 2, a sulfide-containing material or a sulfide coated substrate 10 is placed in a

reactor or pile 1 4, innoculated with bacteria and bacteria nutrients 1 8, sparged with air 22,

and sprayed with or immersed in dilute sulfuric acid 26. A product solution 30 is

withdrawn and passed through a first membrane filter system 32 to form a first retentate

20 58 containing at least most ofthe multivalent impurities and a first permeate 54 containing

at least most ofthe sulfuric acid and selected monovalent impurities, typically nitrates and

chlorides. The first permeate 54 is passed through a second membrane filter system 100

to form a second permeate 108 containing at least most (typically at least about 65%) of

the nitrates and chlorides in the first permeate 54 and a second retentate 104 containing

25 at least most (typically at least about 65%) of the sulfuric acid in the first permeate 54.

The second permeate 108 can be discarded. A portion 102 of the second retentate 104

can be combined with the make-up water 112 and recycled to the reactor or pile 14. The

remaining portion 110 of the second retentate 104 can be further concentrated, if

necessary, by a reverse osmosis filter system 1 1 8 for sale as a product 122. The permeate

30 124 of the reverse osmosis process 1 18 can be combined with make-up water 1 12 for

reuse.
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The preferred membrane in the second filter system 100 is a G series ultrafilter

manufactured by Osmonics. Chlorides and nitrates are preferentially passed through this

membrane relative to sulfuric acid and the chloride to sulfuric acid and nitrate to sulfuric

acid ratios ofthe second retentate ofthe G series ultrafilter are reduced. The molar ratios

5 of nitrate to acid and ofchloride to acid typically are reduced from a range offrom about

0.25:1 to about 5:1 to a range (in the second retentate) of from about 0.01:1 to about

2.5:1.

The various membranes discussed above are further discussed in U.S. Patents

5,476,591. 5,310,486, and 5,116,511 to Green et al.; U.S. Application Serial No.

10 08/871, 176, filed June 9, 1997; U.S. Application Serial No. 09/052,869, filed March 31,

1998; U.S. Application Serial No. 09/183,683, filed October 30, 1998; U.S. Application

No. 60/121,267, filed February 23,1999, and U.S. Application 09/342,338, filed June 29,

1999, all ofwhich are incorporated herein by this reference.

15 Example

A solution of dilute sulfuric acid produced by bio-oxidation of sulfur was

concentrated using a SE 1 8 12 spiral wound membrane filter. The pressure was held at 600

psi, and the temperature was held at 24-25 deg C. This gave a flux rate of about 6 gfd

through 65% recovery. Samples offeed, composite concentrate and permeate were taken

20 at 65% recovery and 80% recovery. Feed, concentrate, and permeate acid concentrations

were measured by titration With a 0.05 gNaOH/mL solution. 50 mL ofsample was used,

and 10 drops of phenolphthalein was used to determine the titration endpoint. Overall

membrane rejection performance results are shown in Table 1. Acid rejection was

generally very good under these conditions. Permeate quality declined gradually from 65

25 to 80% recovery, but acid rejection was still above 95% at 80% recovery.
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Table 1 Bench Test Acid Concentration Results

Test Feed* Concentrate* Permeate*

R/O Membrane

-65% recovery 16.4 46.6 0.12

% Rejection (1-p/f) 99.3

% Balance AR=65% 100

-80% recovery 73.5 0.37

% Rejection (1-p/f) 97.7

% Balance AR=78% 91.4

10

*gH2S04/L

AR = adjusted recovery to get 100% material balance.

The foregoing description of the acid concentration component of the present

invention has been presented for purposes of illustration and description. Furthermore,

15 the description is not intended to limit the invention to the form disclosed herein.

Consequently, variations and modifications commensurate with the above teachings, and

the skill or knowledge of the relevant art, are within the scope of the present invention.

The embodiments described hereinabove are further intended to explain best modes

known for practicing the invention and to enable others skilled in the art to utilize the

20 invention in such, or other, embodiments and with various modifications required by the

particular applications or uses ofthe present invention. It is intended that the appended

claims be construed to include alternative embodiments to the extent permitted by the

prior art.
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What is claimed is :

1. A process for manufacturing sulfuric acid, comprising:

(a) contacting a sulfide-containing feed material with a bacteria and oxygen to

form a sulfuric acid solution having a first concentration of sulfuric acid and impurities;

5 (b) filtering at least a portion of the sulfuric acid solution to form a retentate

containing at least most ofthe impurities and a permeate containing at least most of the

sulfuric acid in the sulfuric acid solution;

(c) filtering at least a portion of the permeate to form a second retentate

having a second sulfuric acid concentration that is greater than the first concentration and

10 a second permeate having a third sulfuric acid concentration that is less than the first

concentration; and

(c) recycling at least a portion of the second permeate to step (a) to form

additional sulfuric acid.

2. The process of Claim 1, wherein the second retentate has an acid

1 5 concentration of at least about 100 g/1 ofthe acid.

3. The process of Claim 1, wherein the second permeate has an acid

concentration of no more than about 5 g/1 ofthe acid.

4. The process ofClaim 1, wherein the second retentate contains at least most

of an acid in the solution.

20 5. The process of Claim 1, wherein the second retentate includes at least

about 90% of the acid in the solution.

6. The process of Claim 1, wherein the second permeate includes no more

than about 10% of the acid in the solution.

7. The process of Claim 1, wherein the filtering steps (b) and (c) are each

25 performed using at least one ofa nanofilter membrane, a reverse osmosis membrane, and

combinations thereof.

8. The process ofClaim 7, wherein the reverse osmosis filter has a pore size

of no more than about 20 angstroms.

9. The process of Claim 1, wherein the second retentate constitutes from

30 about 50 to about 85% by volume ofthe solution.
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10. The process ofClaim 1, wherein the nutrients are selected from the group

consisting of phosphorous, nitrogen, iron, and mixtures thereof

11. The process of Claim 1, wherein the temperature of the bio-oxidation

reaction is maintained from about 20 to about 80 °C.

5 12. The process of Claim 1, wherein in step (a) the feed material is further

contacted with a feed solution containing from about 1 to about 100 g/1 sulfuric acid.

1 3 . The process ofClaim 1 , wherein the multivalent metal is selected from the

group consisting ofiron, copper, nickel, arsenic, calcium, and mixtures thereof.

14. A method for producing sulfuric acid, comprising:

10 (a) contacting a sulfide-containing material with bacteria and oxygen to form

a sulfuric acid solution having a first concentration of sulfuric acid and containing a

monovalent impurity; and

(b) filtering at least a portion of the solution to form a retentate having a

second sulfuric acid concentration that is greater than the first concentration and a

1 5 permeate having a third sulfuric acid concentration that is less than the first concentration

and wherein at least most ofthe monovalent impurity is in the permeate.

15. A process for manufacturing sulfuric acid, comprising:

(a) contacting a sulfide-containing feed material with a bacteria and oxygen to

form a sulfuric acid solution having a first concentration of sulfuric acid and impurities;

20 (b) filtering at least a portion of the sulfuric acid solution to form a retentate

containing at least most of the impurities and a permeate containing at least most of the

sulfuric acid in the sulfuric acid solution; and

(c) recycling at least a portion of the permeate to step (a) to form additional

sulfuric acid.
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